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I57) ABSTRACT 

The novel compounds of the formula I 
O (I) 

' - A 
OH R. O1 

R CH R 

R3 R3 

R2 R2 

in which A is a group of the formula IIa or IIb, 
Rg (IIa) 

R7 
R5 Z. 
Rs. Y 

R10, 

R12 R13 (IIb) 

CC R14 
Y is oxygen, methylene, ethylidene or a >C=C(CH) 
group, Z is nitrogen, 

N N 
SH or G-C-cally) 

R and R2 are, for example C-Calkyl, R and R are, for 
example, hydrogen or methyl, and R5, R, R-7, R, R2, Ro, 
R1, R12, R1 and R1a are, for example, hydrogen, are 
suitable for stabilizing organic material against oxidative, 
thermal or light-induced degradation. 

14 Claims, No Drawings 
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1. 

BSPHENOL ESTER DERVATIVES 

The present invention relates to novel bisphenol ester 
derivatives, to their use, and to organic material stabilized 
against oxidative, thermal and light-induced degradation 
with the aid of these compounds. 

The use of some bisphenol ester derivatives as stabilizers 
is described, for example, in JP-A-Hei 4-308 581, DE-A-3 
718 751, EP-A-479 560 and U.S. Pat. No. 4414,408. 

The present invention relates to a compound of the 
formula I 

O (I) 

OH 

in which 
A is a group of the formula IIa or IIb, 

R9 (IIa) 
R 

R6 Z. 
Rs. Y 

R10, 

R8 

R12 R13 (IIb) 

C R4 
R 

Y is oxygen, methylene, ethylidene or a >C=C(CH4), 
group, 
Z is nitrogen, 

N 
G-C-cally) 

the radicals R, independently of one another, are 
C1-C5alkyl, C-Calkenyl, C-Cacycloalkyl, 
C-C alkyl-substituted C5-C12 cycloalkyl, 
C-Cacycloalkenyl, C-C alkyl-substituted 
C-Cacycloalkenyl, phenyl, C-C alkyl-substituted phe 
nyl, C-C phenylalkyl or -CH2-S-X, the radicals R2, 
independently of one another, are hydrogen, C-C5alkyl, 
C-Calkenyl, C-Cacycloalkyl, C-C alkyl-substituted 
C-Cacycloalkyl, C-Cacycloalkenyl, C-C alkyl-substi 
tuted C-Cacycloalkenyl, phenyl, C-C alkyl-substituted 
phenyl, C-C phenylalkyl, -CH2-S-X, 
-(CH2)COO-X, or -(CH2)O-X, 

the radicals R, independently of one another, are hydro 
gen or C-Calkyl, 
R is hydrogen or C-Calkyl, 
R is hydrogen, C-Coalkyl, phenyl, -CH-COO-X 

or CN, 
R is hydrogen, C-Calkyl, phenyl, -COO-X -CN 

or -CONCX)(X), 
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2 
R is hydrogen or C-Coalkyl, 
Rs, Ro and Ro, independently of one another, are hydro 

gen or C-C alkyl, 
R and R2, independently of one another, are hydrogen, 

C-C alkyl or phenyl, 
Ra and Ra, independently of one another, are hydrogen 

or C-calkyl, 
X is C1-C5alkyl, C-Cacycloalkyl, CC alkyl-substi 

tuted C-C cycloalkyl, phenyl, C-C alkyl-substituted 
phenyl, C-Cphenylalkyl or -(CH2)COO-Y, 
X, X and X5, independently of one another, are 

C1-C5alkyl, C5-C12cycloalkyl, C1-C4alkyl-substituted 
C-Cacycloalkyl, phenyl, C-C alkyl-substituted phenyl 
or C7-Cophenylalkyl, 
X is C-Casalkyl, C-Cacycloalkyl, C1-C4alkyl-substi 

tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted 
phenyl, C7-Cophenylalkyl, Ca-Casalkanoyl, 
C-Calkenoyl, C-Casalkanoyl which is interrupted by 
oxygen, sulfur or >N-Y2, C-Cocycloalkylcarbonyl, ben 
Zoyl, C-Calkyl-substituted benzoyl, thenoyl or furoyl, 
X and X7, independently of one another, are hydrogen, 

C1-C5alkyl, C-C2alkenyl, C-Cacycloalkyl, 
C-C alkyl-substituted C-Cacycloalkyl, 
C-Cacycloalkenyl, C-C alkyl-substituted 
C-Cacycloalkenyl, phenyl, C-Calkyl-substituted phenyl 
or C-C phenylalkyl, 
Y is C-Calkyl, C-Cacycloalkyl, C-C alkyl-substi 

tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted 
phenyl or C-C phenylalkyl, 
Y is hydrogen or C-Calkyl, 
p is 0, 1 or 2, 
q is an integer from 0 to 8, and 
r is 1 or 2. 
Alkyl having up to 25 carbon atoms, preferably having up 

to 18 carbon atoms, in particular having up to 10 carbon 
atoms, is, for example, methyl, ethyl, propyl, isopropyl, 
n-butyl, sec-butyl, isobutyl, tert-butyl, 2-ethylbutyl, n-pen 
tyl, tert-pentyl, isopentyl, 1-methylpentyl, 1,3-dimethylbu 
tyl, n-hexyl, 1-methylhexyl, n-heptyl, isoheptyl, 1,1,3,3- 
tetramethylbutyl, 1-methylheptyl, 3-methylheptyl, n-octyl, 
2-ethylhexyl, 1,1,3-trimethylhexyl, 1,1,3,3-tetramethylpen 
tyl, nonyl, decyl, undecyl, 1-methylundecyl, dodecyl, 1,1,3, 
3,5,5-hexamethylhexyl, tridecyl, tetradecyl, pentadecyl, 
hexadecyl, heptadecyl, octadecyl, eicosyl or docosyl. 
One of the preferred meanings of R and R is branched 

alkyl having up to 10 carbon atoms, in particular having up 
to 5 carbon atoms, for example tert-butyl or tert-pentyl. 
One of the preferred meanings of R is C-C alkyl, in 

particular methyl. 
One of the preferred meanings of Y is C-C alkyl, in 

particular methyl. 
Alkenyl having up to 24 carbon atoms, in particular 

having up to 18 carbon atoms, is, for example, vinyl, 
propenyl, isopropenyl, 2-butenyl, 3-butenyl, isobutenyl, 
3-methyl-but-2-enyl, n-oct-2-enyl, n-dodec-2-enyl, isodode 
cenyl, n-octadec-2-enyl or n-octadec-4-enyl. Alkenyl radi 
cals in which the carbon atom in the 1-position is saturated 
are preferred. C-C Alkenyl is particularly preferred. 

Unsubstituted O C-C alkyl-substituted 
Cs-CCycloalkyl is, for example, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclododecyl, 2- or 4-methylcyclo 
hexyl, dimethylcyclohexyl, trimethylcyclohexyl or tert-bu 
tylcyclohexyl. Unsubstituted or C-Calkyl-substituted 
Cs-Cscycloalkyl, in particular cyclohexyl, is preferred. 

Examples of unsubstituted or C-C alkyl-substituted 
C-Cacycloalkenyl, preferably C-Cacycloalkenyl, are 
cyclohex-2-enyl, cyclohept-3-enyl and 4-tert-butylcyclo 
hex-2-enyl. Cyclohexenyl is preferred. 
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C-C alkyl-substituted phenyl is, for example, meth 
ylphenyl, dimethylphenyl, trimethylphenyl, ethylphenyl, 
diethylphenyl, isopropylphenyl, tert-butylphenyl, di-tert-bu 
tylphenyl or methyl-di-t-butylphenyl. 

Examples of C-Cophenylalkyl which is unsubstituted or 
substituted on the phenyl ring by C-C alkyl, are benzyl, 
phenethyl, 3-phenylpropyl, O-methylbenzyl, O,O-dimethyl 
benzyl, methylbenzyl, dimethylbenzyl, trimethylbenzyl and 
tert-butylbenzyl. 

Alkanoyl having up to 25 carbon atoms is, for example, 
methanoyl, ethanoyl, propanoyl, butanoyl, pentanoyl, hex 
anoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, unde 
canoyl, dodecanoyl, tridecanoyl, tetradecanoyl, pentade 
canoyl, hexadecanoyl, octadecanoyl, nonadecanoyl or 
eicosanoyl. C-C alkanoyl is preferred. 

Examples of C-Casalkanoyl which is interrupted by 
oxygen, sulfur or >N-Y are -CO-CHCH-S- 
(C-Coalkyl), -CO-CHCH-O-(C-Coalkyl) and 
-CO-CHCH-N(Y)-(C-Coalkyl). 
C-C Alkanoyl which is interrupted by oxygen or >N-Y2 
is preferred. 

Examples of C-C5alkenoyl are acryloyl, methacryloyl, 
crotonoyl, isocrotonoyl and oleoyl. C-C8Alkenoyl is pre 
ferred. 

C-Cacycloalkylcarbonyl is, for example, cyclopentylcar 
bonyl, cyclohexylcarbonyl, cycloheptylcarbonyl or cyclooc 
tylcarbonyl. 
C-C alkyl-substituted benzoyl is, for example, methyl 

benzoyl or tert-butylbenzoyl. 
Preference is given to a compound of the formula I in 

which 
the radicals R, independently of one another, are 

C-Clalkyl, C-Calkenyl, Cs-Cocycloalkyl, 
C-C alkyl-substituted C5-C8cycloalkyl, 
Cs-Cscycloalkenyl, C-C alkyl-substituted 
Cs-Cscycloalkenyl, phenyl, C-C alkyl-substituted phenyl, 
C-Cophenylalkyl or -CH2-S-X, 

the radicals R, independently of one another, are hydro 
gen, C-Cisalkyl, C-Cisalkenyl, C5-C8cycloalkyl, 
C-C alkyl-substituted C-Cacycloalkyl, 
Cs-Cacycloalkenyl, C-C alkyl-substituted 
Cs-Cacycloalkenyl, phenyl, C-C alkyl-substituted phenyl, 
C-Cophenylalkyl, -CH2-S-X, -(CH2)COO-X, or 
-(CH2)O-Xa, 

Rs is hydrogen, C-Coalkyl, phenyl or CN, 
R is hydrogen, C-C alkyl or phenyl, 
X is C-C alkyl, C5-C8cycloalkyl, C1-C4alkyl-substi 

tuted Cs-Cscycloalkyl, phenyl, C-C alkyl-substituted phe 
nyl, C-Cophenylalkyl or -(CH2)COO-Y, 
X is C-Calkyl, C5-C8-cycloalkyl, C-C alkyl-substi 

tuted C-Cacycloalkyl, phenyl, C-C-alkyl-substituted 
phenyl or C-Cophenylalkyl, 
X is C-Calkyl, C-Cacycloalkyl, C-C alkyl-substi 

tuted C-Ccycloalkyl, phenyl, C-C alkyl-substituted phe 
nyl, C-Cophenylalkyl, C1-Cisalkanoyl, Ca-Cisalkenoyl, 
C-Calkanoyl which is interrupted by oxygen or>N-Y, 
C-Cacycloalkylcarbonyl, benzoyl, C-C alkyl-substituted 
benzoyl, thenoyl or furoyl, and 
Y is C-Calkyl, C-Cacycloalkyl, C-C alkyl-substi 

tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted phe 
nyl or C-Cophenylalkyl. 

Preference is likewise given to compounds of the formula 
I in which 

the radicals R, independently of one another, are 
C-Coalkyl, C-Cisalkenyl, C-CCycloalkyl, 
C-Cacycloalkenyl, phenyl, C-Cophenylalkyl or -CH2 
S-X, 
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4 
the radicals R, independently of one another, are hydro 

gen, C-Coalkyl, Ca-Cisalkenyl, C5-C8cycloalkyl, 
Cs-Cscycloalkenyl, phenyl, C-Cophenylalkyl, -CH2 
S-X, -(CH2)COO-X, or -(CH2)O-X, 

the radicals R are hydrogen, 
R is hydrogen or C-C alkyl, 
R is hydrogen, C-C alkyl, phenyl or CN, 
R is hydrogen, C-C alkyl or phenyl, 
R is hydrogen or C-C alkyl, 
X is C-Coalkyl, Cs-Cscycloalkyl, phenyl, C7-Co-phe 

nylalkyl or -(CH2)COO-Y, 
X is C-Coalkyl, Cs-Cacycloalkyl, phenyl or C7-Co 

phenylalkyl, 
X is C-Coalkyl, C5-C8cycloalkyl, phenyl, C7-Co-phe 

nylalkyl, C-Coalkanoyl, Ca-Calkenoyl, Ca-Cisalkanoyl 
which is interrupted by oxygen; or benzoyl, and 
Y is C-Coalkyl, C5-C8cycloalkyl, phenyl 

C-C phenylalkyl. 
The radicals R8, R9, Rio, R11, R12, R13 and R4 are 

preferably hydrogen. 
Also of interest is a compound of the formula I in which 
the radicals R, independently of one another, are 

C-C alkyl or C-C cycloalkyl, 
the radicals R, independently of one another, are 

C1-C5alkyl, 
the radicals R are hydrogen, and 
R is hydrogen or C-C alkyl. 
Likewise of interest is a compound of the formula I in 

which 

the radicals R are identical and are branched C-Csalkyl, 
the radicals R are identical and are C1-C5alkyl, 
the radicals R are hydrogen, and 
R is hydrogen or C-C alkyl. 
Particular preference is given to a compound of the 

formula I in which 
Y is oxygen or methylene, 
Z is a 

O 

N 
H group, 

the radicals R are identical and are branched C-C5alkyl, 
the radicals R are identical and are C-C alkyl, 
the radicals R are hydrogen, 
R is hydrogen or C-C alkyl, 
Rs is hydrogen, C-C alkyl or CN, and 
R. R7, R8, Ro Ro R11, R12, R13 and R4 are hydrogen. 
Of particular interest is the compound of the formula 
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Z is preferably a 

H group. 

Y is preferably oxygen or methylene. 
The compounds of the formula I can be prepared, for 

example, by the following processes, which are known per 
SC 

Process A 

Reaction of a compound of the formula a 

OH O 
R7 R1 CH R1 

R3 R3 

R2 R2 

with a suitable compound of the formula b-1 or c (Diels 
Alder reaction, as described, for example, in "Comprehen 
sive Organic Synthesis, Vol. IV, 315 (1991), Pergamon 
Press, or Chem. Rev. 1993, 93,741-761'), 

R12 R13 

R6 Y R14 

- COO R10 Z. 

R11 (b-1) 

(a) 

(c) 

in which the variable radicals are as defined above. 
This thermal Diels-Alder reaction can be carried out, for 

example, by mixing the two reactants in a suitable solvent at 
a temperature between room temperature and the boiling 
point of the reaction mixture. The reaction is preferably 
carried out in the absence of oxygen. Possible solvents are 
conventional hydrocarbons (for example toluene, hexane or 
cyclohexane), halogenated hydrocarbons (for example 
dichloromethane, dichloroethane or chlorobenzene), ethers 
(for example diethyl ether, tetrahydrofuran or dimethoxy 
ethane), alcohols (for example methanol, ethanol or isopro 
panol), water or waterfalcohol or waterlether mixtures. 
If Y is methylene and Z is a 

N N 
GH O G-C-cally) group, 

the compound of the formulab-1 can be replaced by a dimer 
of the formula b-2 

(b-2) 

In this case, it is expedient to carry out the reaction at high 
temperatures, for example at 180°-220 C. (cracking tem 
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6 
perature of a dimer such as dicyclopentadiene) in a closed 
system (autoclave) under pressure (for example 1-5 bar). 
The reaction can also be carried out without solvent. 
The reaction can furthermore also be carried out at low 

temperatures (for example 0°-50° C.) in the presence of a 
Lewis acid as catalyst. The catalyst is preferably used in an 
amount of 2-50 mol %, in particular 2-10 mol%. Examples 
of suitable Lewis acids are R-Al-Cl or (R)-AlCl, 
where R is methyl, ethyl, n-propyl or isopropyl, or further 
more AlCls, SnCl4, ZnCl2, Zn), FeCl or TiCla. 

Process B 

Transesterification of carboxylic acid derivatives of the 
formula d or e 

Rg (d) 
R 

Rs Z. 
Rs. Y 

X-C R10, 
R8 

O 

R12 R13 (e) 
R 

R4 

Y 
R X-C Rs 

O 

in which X is, for example, OH, Cl, 

r1, 
N n/ 

etc., using a bisphenol of the formula f, 

HO R. HO (f) 
R CH R1 

R3 R3 

R R2 

in which the variable radicals are as defined above. 
The reaction can be carried out in a manner known perse, 

for example by adding one of the two starting materials to 
the second starting material and mixing the two reactants, 
preferably in the absence of oxygen. The reaction can be 
carried out with or without solvent (for example toluene). 
The temperature can be, for example, between the melting 
point and the boiling point of the reaction mixture, for 
example between -50 and 150° C., preferably between 0° 
and 150° C. The resultant product can likewise be purified 
by known methods, for example by evaporation of the 
solvent and crystallization of the crude product or by wash 
ing with water/HCl, extraction with an organic solvent, 
crystallization and/or chromatography. Preferred solvents 
for the extraction and for the chromatographic purification 
step are hexane, ethyl acetate or mixtures thereof. 

If the carboxylic acid derivative of the formula d ore used 
in the reaction is an acid chloride (X=Cl), an acid acceptor 
can also be added to the reaction mixture. Examples of 
suitable acid acceptors are amines, such as pyridine or 
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triethylamine. The amount of acid acceptor is preferably at 
least equivalent to the amount of the acid chloride. It is, for 
example, from 1 to 2 equivalents, in particular from 1.2 to 
1.7 equivalents, based on the acid chloride. 

8 
If the carboxylic acids of the formula dore (X=OH) and 

the bisphenol of the formula f are employed directly as 
starting materials, the reaction is expediently carried out 

The acid chloride can also be prepared in situ. In this case, 5 using reagents which take up liberated water, for example 
the carboxylic acid of the formula d or e (X=OH), the dicyclohexylcarbodiimide. 
bisphenol of the formula f and an acid acceptor (for example The starting materials used in the above-described process 
triethylamine) are introduced into a reactor, and phosphorus - are known, some are commercially available, or they can be oxychloride is subsequently added analogously to the pro 
cess described in, for example, U.S. Pat. No. 5,128,398. 10 prepared analogously to known processes. 

It is furthermore also possible first to prepare the mono- The compounds of the formula I are formed as isomer 
sodium, monopotassium or monolithium phenoxide of the mixtures (endo-, exo-, cis- or trans-form, etc), which vary 
bisphenol of the formula f and then to react this with the acid - depending on the preparation process. chloride. The requisite phenoxides are prepared using 
hydrides, alkali metals, alkali metal hydroxides, alkali metal 15 Examples of compounds of the formula I are shown in 
alkoxides or alkyllithium compounds as bases. Table 1 below. 

TABLE 1 

Com- Elemental analysis 
pound Structure Melting point 

101 O Elemental analyses and melting points 
are given in Examples 1 to 5. 

OH CH O 

(HgC)3C C(CH3)3 

C(CH3)3 C(CH3)3 

102 O Elemental analysis 
C% H% 

Calc 80.83 8.75 
Found 80.8 8.91 

OH O Melting point: 107-112°C. 

-circ C(CH3)3 
CH3 CH3 

102 bis O Elemental analysis 
C9. H% 

calc.: 81.77 9.85 
found: 81.71 554 

OH CH3 O Melting point: 73–81° C. 

(HC)3C C(CH3)3 

C(CH3)3 C(CH3)3 

103 O Elemental analysis 
C% H% 

calc.: 82.03 0.16 
found.: 82.17 10.23 

OH CH O Melting point: 118-121 C. 

t-H11C5 C5H1-t 
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TABLE 1-continued 

Com- Elemental analysis 
pound Structure Melting point 

104 O CH Elemental analysis 
C9. H% 

Calc 81.77 9.85 
Found 81.20 9.99 

OH CH O Melting point: 132-140° C. 

(HCC O C(CH3)3 

C(CH3)3 C(CH3)3 

105 O Elemental analysis 
C. H. 

Calc.: 79.24 9.35 
Found: 78.78 9.50 

OH CH O Melting point: 95-96° C. 

-circ C(CH3)3 
C(CH3)3 C(CH3)3 

106 Elemental analysis 
C% H% 

Calc 84.13 8.7 
Found 83.94 8.85 

The compounds of the formula I are suitable for stabiliz 
ing organic materials against thermal, oxidalive or light 
induced degradation. Examples of such materials are the 
following: 

1. Polymers of monoolefins and diolefins, for example 
polypropylene, polyisobutylene, polybut-1-ene, poly-4-me 
thylpent-1-ene, polyisoprene or polybutadiene, as well as 
polymers of cycloolefins, for instance of cyclopentene or 
norbornene, polyethylene (which optionally can be 
crosslinked), for example high density polyethylene 
(HDPE), high density and high molecular weight polyeth 
ylene (HDPE-HMW), high density and ultrahigh molecular 
weight polyethylene (HDPE-UHMW), medium density 
polyethylene (MDPE), low density polyethylene (LDPE), 
linear low density polyethylene (LLDPE), branched low 
density polyethylene (BLDPE). 

Polyolefins, i.e. the polymers of monoolefins exemplified 
in the preceding paragraph, preferably polyethylene and 
polypropylene, can be prepared by different, and especially 
by the following, methods: 

a) radical polymerisation (normally under high pressure 
and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally 
contains one or more than one metal of groups IVb, Vb, 
VIb or VIII of the Periodic Table. These metals usually 
have one or more than one ligand, typically oxides, 
halides, alcoholates, esters, ethers, amines, alkyls, alk 

40 
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50 
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Melting point: 217-219 C. 

enyls and/or aryls that may be either t- or O-coordi 
nated. These metal complexes may be in the free form 
or fixed on substrates, typically on activated magne 
sium chloride, titanium(III) chloride, alumina or silicon 
oxide. These catalysts may be soluble or insoluble in 
the polymerisation medium. The catalysts can be used 
by themselves in the polymerisation or further activa 
tors may be used, typically metal alkyls, metal 
hydrides, metal alkyl halides, metal alkyl oxides or 
metal alkyloxanes, said metals being elements of 
groups Ia, IIa and/or IIIa of the Periodic Table. The 
activators may be modified conveniently with further 
ester, ether, amine or silyl ether groups. These catalyst 
systems are usually termed Phillips, Standard Oil Indi 
ana, Ziegler (-Natta), TNZ (DuPont), metallocene or 
single site catalysts (SSC). 

2. Mixtures of the polymers mentioned under 1), for 
example mixtures of polypropylene with polyisobutylene, 
polypropylene with polyethylene (for example PP/HDPE, 
PP/LDPE) and mixtures of different types of polyethylene 
(for example LDPE/HDPE). 

3. Copolymers of monoolefins and diolefins with each 
other or with other vinyl monomers, for example ethylenel 
propylene copolymers, linear low density polyethylene 
(LLDPE) and mixtures thereof with low density polyethyl 
ene (LDPE), propylene/but-1-ene copolymers, propylene/ 
isobutylene copolymers, ethylene/but-1-ene copolymers, 
ethylene/hexene copolymers, ethylenelmethylpentene 
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copolymers, ethylene/heptene copolymers, ethyleneloctene 
copolymers, propylene/butadiene copolymers, isobutylene/ 
isoprene copolymers, ethylene/alkyl acrylate copolymers, 
ethylene/alkyl methacrylate copolymers, ethylene/vinyl 
acetate copolymers and their copolymers with carbon mon 
oxide or ethylene/acrylic acid copolymers and their salts 
(ionomers) as well as terpolymers of ethylene with propy 
lene and a diene such as hexadiene, dicyclopentadiene or 
ethylidene-norbornene; and mixtures of Such copolymers 
with one another and with polymers mentioned in 1) above, 
for example polypropylene/ethylene-propylene copolymers, 
LDPE/ethylene-vinyl acetate copolymers (EVA), LDPE/ 
ethylene-acrylic acid copolymers (EAA), LLDPE/EVA, 
LLDPE/EAA and alternating or random polyalkylene?car 
bon monoxide copolymers and mixtures thereof with other 
polymers, for example polyamides. 

4. Hydrocarbon resins (for example C-C) including 
hydrogenated modifications thereof (e.g. tackifiers) and 
mixtures of polyalkylenes and starch. 

5. Polystyrene, poly(p-methylstyrene), poly(O-methylsty 
rene). 

6. Copolymers of styrene or O-methylstyrene with dienes 
or acrylic derivatives, for example styrene?butadiene, sty 
rene/acrylonitrile, styrene/alkyl methacrylate, styrene/buta 
diene/alkyl acrylate, styrene?butadiene/alkyl methacrylate, 
styrene/maleic anhydride, styrenefacrylonitrile/methyl acry 
late; mixtures of high impact strength of styrene copolymers 
and another polymer, for example a polyacrylate, a diene 
polymer or an ethylene/propylene?diene terpolymer; and 
block copolymers of styrene such as styrene/butadiene/ 
styrene, styrenefisoprene?styrene, styrene/ethylene/buty 
lene?styrene or styrene/ethylene/propylene?styrene. 

7. Graft copolymers of styrene or O-methylstyrene, for 
example styrene on polybutadiene, styrene on polybutadi 
ene-styrene or polybutadiene-acrylonitrile copolymers; sty 
rene and acrylonitrile (or methacrylonitrile) on polybutadi 
ene; styrene, acrylonitrile and methyl methacrylate on 
polybutadiene; styrene and maleic anhydride on polybuta 
diene; styrene, acrylonitrile and maleic anhydride or male 
imide on polybutadiene; styrene and maleimide on polyb 
utadiene; styrene and alkyl acrylates or methacrylates on 
polybutadiene; styrene and acrylonitrile on ethylene/propy 
lene?diene terpolymers; styrene and acrylonitrile on poly 
alkyl acrylates or polyalkyl methacrylates, styrene and acry 
lonitrile on acrylate/butadiene copolymers, as well as 
mixtures thereof with the copolymers listed under 6), for 
example the copolymer mixtures known as ABS, MBS, ASA 
or AES polymers. 

8. Halogen-containing polymers such as polychloroprene, 
chlorinated rubbers, chlorinated and brominated copolymer 
of isobutylene-isoprene (halobutyl rubber), chlorinated or 
sulfochlorinated polyethylene, copolymers of ethylene and 
chlorinated ethylene, epichlorohydrin homo- and copoly 
mers, especially polymers of halogen-containing vinyl com 
pounds, for example polyvinyl chloride, polyvinylidene 
chloride, polyvinyl fluoride, polyvinylidene fluoride, as well 
as copolymers thereof such as vinyl chloride/vinylidene 
chloride, vinyl chloride/vinyl acetate or vinylidene chloride/ 
vinyl acetate copolymers. 

9. Polymers derived from ol,B-unsaturated acids and 
derivatives thereof such as polyacrylates and polymethacry 
lates; polymethyl methacrylates, polyacrylamides and poly 
acrylonitriles, impact-modified with butyl acrylate. 

10. Copolymers of the monomers mentioned under 9) 
with each other or with other unsaturated monomers, for 
example acrylonitrile/butadiene copolymers, acrylonitrile/ 
alkyl acrylate copolymers, acrylonitrile/alkoxyalkyl acrylate 
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12 
or acrylonitrile/vinyl halide copolymers or acrylonitrile/ 
alkyl methacrylate/butadiene terpolymers. 

11. Polymers derived from unsaturated alcohols and 
amines or the acyl derivatives or acetals thereof, for example 
polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, 
polyvinyl benzoate, polyvinyl maleate, polyvinyl butyral, 
polyallyl phthalate or polyallyl melamine; as well as their 
copolymers with olefins mentioned in 1) above. 

12. Homopolymers and copolymers of cyclic ethers such 
as polyalkylene glycols, polyethylene oxide, polypropylene 
oxide or copolymers thereof with bisglycidyl ethers. 

13. Polyacetals such as polyoxymethylene and those 
polyoxymethylenes which contain ethylene oxide as a 
comonomer, polyacetals modified with thermoplastic poly 
urethanes, acrylates or MBS. 

14. Polyphenylene oxides and sulfides, and mixtures of 
polyphenylene oxides with styrene polymers or polyamides. 

15. Polyurethanes derived from hydroxyl-terminated 
polyethers, polyesters or polybutadienes on the one hand 
and aliphatic or aromatic polyisocyanates on the other, as 
well as precursors thereof. 

16. Polyamides and copolyamides derived from diamines 
and dicarboxylic acids and/or from aminocarboxylic acids or 
the corresponding lactans, for example polyamide 4, polya 
mide 6, polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polya 
mide 11, polyamide 12, aromatic polyamidcs staring from 
m-xylene diamine and adipic acid; polyamides prepared 
from hexamethylenediamine and isophthalic or/and tereph 
thalic acid and with or without an elastomer as modifier, for 
example poly-2,4,4-trimethylhexamethylene terephthala 
mide or poly-m-phenylene isophthalamide; and also block 
copolymers of the aforementioned polyamides with poly 
olefins, olefin copolymers, ionomers or chemically bonded 
or grafted elastomers; or with polyethers, e.g. with polyeth 
ylene glycol, polypropylene glycol or polytetramethylene 
glycol; as well as polyamides or copolyamides modified 
with EPDM or ABS; and polyamides condensed during 
processing (RIM polyamide systems). 

17. Polyureas, polyimides, polyamide-imides, polyether 
imids, polyesterinids, polyhydantoins and polybenzimida 
Zoles. 

18. Polyesters derived from dicarboxylic acids and diols 
and/or from hydroxycarboxylic acids or the corresponding 
lactones, for example polyethylene terephthalate, polybuty 
lene terephthalate, poly-1,4-dimethylolicyclohexane tereph 
thalate and polyhydroxybenzoates, as well as block copoly 
ether esters derived from hydroxyl-terminated polyethers; 
and also polyesters modified with polycarbonates or MBS. 

19. Polycarbonates and polyester carbonates. 
20. Polysulfones, polyether sulfones and polyether 

ketones. 
21. Crosslinked polymers derived from aldehydes on the 

one hand and phenols, ureas and melamines on the other 
hand, such as phenol/formaldehyde resins, urea/formalde 
hyde resins and melamine/formaldehyde resins. 

22. Drying and non-drying alkyd resins. 
23. Unsaturated polyester resins derived from copolyes 

ters of saturated and unsaturated dicarboxylic acids with 
polyhydric alcohols and vinyl compounds as crosslinking 
agents, and also halogen-containing modifications thereof of 
low flammability. 

24. Crosslinkable acrylic resins derived from substituted 
acrylates, for example epoxy acrylates, urethane acrylates or 
polyester acrylates. 

25. Alkyd resins, polyester resins and acrylate resins 
crosslinked with melamine resins, urea resins, isocyanates, 
isocyanurates, polyisocyanates or epoxy resins. 
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26. Crosslinked epoxy resins derived from aliphatic, 
cycloaliphatic, heterocyclic or aromatic glycidyl com 
pounds, e.g. products of diglycidyl ethers of bisphenol A and 
bisphenol F, which are crosslinked with customary harden 
ers such as anhydrides or amines, with or without accelera 
tOS. 

27. Natural polymers such as cellulose, rubber, gelatin 
and chemically modified homologous derivatives thereof, 
for example cellulose acetates, cellulose propionates and 
cellulose butyrates, or the cellulose ethers such as methyl 
cellulose; as well as rosins and their derivatives. 

28. Blends of the aforementioned polymers (polyblends), 
for example PP/EPDM, Polyamide/EPDM or ABS, PVC/ 
EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, 
PC/ASA, PC/PBT, PVC/CPE, PVC/acrylates, POM/thermo 
plastic PUR, PC/thermoplastic PUR, POM/acrylate, POM/ 
MBS, PPO/HIPS, PPO/PA6.6 and copolymers, PAVHDPE, 
PA/PP, PA/PPO, PBT/PC/ABS or PBT/PET/PC. 

29. Naturally occurring and synthetic organic materials 
which are pure monomeric compounds or mixtures of such 
compounds, for example mineral oils, animal and vegetable 
fats, oil and waxes, or oils, fats and waxes based on synthetic 
esters (e.g. phthalates, adipates, phosphates or trimellitates) 
and also mixtures of synthetic esters with mineral oils in any 
weight ratios, typically those used as spinning compositions, 
as well as aqueous emulsions of such materials. 

30. Aqueous emulsions of natural or synthetic rubber, e.g. 
natural latex or latices of carboxylated styrene/butadiene 
copolymers. 
The invention therefore furthermore relates to a compo 

sition comprising an organic material which is sensitive to 
oxidative, thermal or light-induced degradation and at least 
one compound of the formula I. 
The organic material is preferably a synthetic polymer, in 

particular from the groups given above. Polyolefins and 
solution-polymerized polybutadiene rubber are particularly 
preferred. Likewise particularly preferred is solution-poly 
merized styrene-butadiene copolymer and styrene-butadiene 
block copolymer in which the ratio between styrene and 
conjugated butadiene is, for example, from 5:95 to 95:5. The 
proportion of polybutadiene in these copolymers is prefer 
ably from 5 to 30%. 

In general, the compounds of the formula I are added to 
the organic material to be stabilized in amounts of from 0.01 
to 10%, preferably from 0.01 to 5%, in particular from 0.05 
to 0.5%, based on the total weight of the material to be 
stabilized. 
The novel compounds can be incorporated into the 

organic material by known methods, for example before or 
during shaping or by applying the dissolved or dispersed 
compounds to the organic material, if necessary with sub 
sequent evaporation of the solvent. The novel compounds 
can be added to the materials to be stabilized in the form of 
powders, granules or else in the form of a masterbatch which 
comprises these compounds for example in a concentration 
of from 2.5 to 25% by weight. 
The compounds of the formula I can also be added before 

or during the polymerization or before the crosslinking, for 
example also during solution polymerization before evapo 
ration of the solvent. 
The materials stabilized in this way can be used in a wide 

variety of forms, for example as films, fibres, tapes, moul 
ding compositions, profiles or as binders for surface coat 
ings, adhesives or putties. 
The stabilized organic materials of the invention may 

additionally also contain various conventional additives, 
such as, for example: 
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1. Antioxidants 
1.1 Alkylated monophenols, for example 2,6-di-tert-bu 

tyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol, 2,6- 
di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphe 
nol, 2,6-di-tert-butyl-4-isobutylphenol, 2,6-dicyclopentyl-4- 
methylphenol, 2-(o-methylcyclohexyl)-4,6- 
dimethylphenol, 2,6-dioctadecyl-4-methylphenol, 2,4,6- 
tricyclohexylphenol, 2,6-di-tert-butyl-4- 
methoxymethylphenol, nonylphenols which are linear or 
branched in the side chains, for example, 2,6-di-nonyl-4- 
methylphenol, 2,4-dimethyl-6-(1'-methyl-undec-1-yl)phe 
nol, 2,4-dimethyl-6-(1'-methylheptadec- 1'-yl)phenol, 2,4- 
dimethyl-6-(1'-methyltridec-1'-yl)phenol and mixtures 
thereof. 

1.2. Alkylthiomethylphenols, for example 2,4-dioctylthi 
omethyl-6-tert-butylphenol, 2,4-dioctylthiomethyl-6-meth 
ylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-di-do 
decylthiomethyl-4-nonylphenol. 

1.3. Hydroquinones and alkylated hydroquinones, for 
example 2,6-di-tert-butyl-4-methoxyphenol, 2,5-di-tert-bu 
tylhydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-di-phe 
nyl-4-octadecyloxyphenol, 2,6-di-tert-butylhydroquinone, 
2,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hy 
droxyanisole, 3,5-di-tert-butyl-4-hydroxyphenyl stearate, 
bis-(3,5-di-tert-butyl-4-hydroxyphenyl) adipate. 

1.4. Tocopherols, for example o-tocopherol, B-toco 
pherol, Y-tocopherol, 8-tocopherol and mixtures thereof 
(Vitamin E). 

1.5. Hydroxylated thiodiphenyl ethers, for example 2,2'- 
thiobis(6-tert-butyl-4-methylphenol), 2,2'-thiobis(4-oc 
tylphenol), 4,4'-thiobis(6-tert-butyl-3-methylphenol), 4,4'- 
thiobis(6-tert-butyl-2-methylphenol), 4,4'-thiobis-(3,6-di 
sec-amylphenol), 4,4'-bis-(2,6-dimethyl-4-hydroxyphenyl) 
disulfide. 

1.6. Alkylidenebisphenols, for example 2,2'-methyl 
enebis(6-tert-butyl-4-methylphenol), 2,2'-methylenebis(6- 
tert-butyl-4-ethylphenol), 2,2'-methylenebis4-methyl-6-(o- 
methylcyclohexyl)phenol, 2,2'-methylenebis(4-methyl-6- 
cyclohexylphenol), 2,2'-methylenebis(6-nonyl-4- 
methylphenol), 2,2'-methylenebis(4,6-di-tert-butylphenol), 
2,2'-ethylidenebis(4,6-di-tert-butylphenol), 2,2'-eth 
ylidene(6-tert-butyl-4-isobutylphenol), 2,2'-methylenebis(6- 
(O-methylbenzyl)-4-nonylphenol), 2,2'-methylenebis(5-(o, 
O-dimethylbenzyl)4-nonylphenol, 4,4'-methylenebis(2,6- 
di-tert-butylphenol), 4,4'-methylenebis(6-tert-butyl-2- 
methylphenol), 1,1-bis(5-tert-butyl-4-hydroxy-2- 
methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2- 
hydroxybenzyl)-4-methylphenol, 1,1,3-tris(5-tert-butyl-4- 
hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4- 
hydroxy-2-methy-phenyl)-3-n-dodecylmercaptobutane, 
ethylene glycol bis(3,3-bis(3'-tert-butyl-4'-hydroxyphenyl 
)butyrate), bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl)di 
cyclopentadiene, bis(2-(3'-tert-butyl-2'-hydroxy-5'-methyl 
benzyl)-6-tert-butyl-4-methylphenylterephthalate, 1,1-bis 
(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis-(3,5-di-tert 
butyl-4-hydroxyphenyl)propane, 2,2-bis-(5-tert-butyl-4- 
hydroxy2-methylphenyl)-4-n-dodecylmercaptobutane, 1,1, 
5,5-tetra-(5-tert-butyl-4-hydroxy2-methylphenyl)pentane. 

1.7. O-, N- and S-benzyl compounds, for example 3,5,3', 
5'-tetra-tert-butyl-4,4'-dihydroxy-dibenzyl ether, octadecyl 
4-hydroxy-3,5-dimethylbenzylmercaptoacetate, tridecyl-4- 
hydroxy-3,5-di-tert-butylbenzylmercaptoacetate, tris(3,5-di 
tert-butyl-4-hydroxybenzyl)amine, bis(4-tert-butyl-3- 
hydroxy-2,6-dimethylbenzyl)dithioterephthalate, bis(3,5-di 
tert-butyl-4-hydroxybenzyl)sulfide, isooctyl-3,5di-tert 
butyl-4-hydroxybenzylmercaptoacetate. 

1.8. Hydroxybenzylated malonates, for example diocta 
decyl-2,2-bis-(3,5-di-tert-butyl-2-hydroxybenzyl)-mal 
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diisodecyloxypentaerythritol diphosphite, bis(2,4-di-tert 
butyl-6-methylphenyl)pentaerythritol diphosphite, bis(2,4, 
6-tris(tert-butylphenyl)pentaerythritol diphosphite, tristearyl 
sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4'- 
biphenylene diphosphonite, 6-isooctyloxy-2,4,8,10-tetra 
tert-butyl-12H-dibenzd,g)-1,3,2-dioxaphosphocin, 
6-fluoro-2,4,8,10-tetra-tert-butyl-12-methyl-dibenzd,g)-1, 
3,2-dioxaphosphocin, bis(2,4-di-tert-butyl-6-methylphenyl 
)methylphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)eth 
ylphosphite. 

5.Hydroxylamines, for example, N,N-dibenzylhydroxy 
lamine, N,N-diethylhydroxylamine, N,N-dioctylhydroxy 
lamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhy 
droxylamine, N,N-dihexadecylhydroxylamine, N,N- 
dioctadecylhydroxylamine, N-hexa-decyl-N- 
octadecylhydroxylamine, N-heptadecyl-N- 
octadecylhydroxylamine, N,N-dialkylhydroxylamine 
derived from hydrogenated tallow amine. 

6. Nitrones, for example, N-benzyl-alpha-phenyl-nitrone, 
N-ethyl-alpha-methyl-nitrone, N-octyl-alpha-heptyl-ni 
trone, N-lauryl-alpha-undecyl-nitrone, N-tetradecyl-alpha 
tridecyl-nitrone, N-hexadecyl-alpha-pentadecyl-nitrone, 
N-octadecyl-alpha-heptadecyl-nitrone, N-hexadecyl-alpha 
heptadecyl-nitrone, N-ocatadecyl-alpha-pentadecyl-nitrone, 
N-hepta-decyl-alpha-heptadecyl-nitrone, N-octadecyl-al 
pha-hexadecyl-nitrone, nitrone derived from N,N-dialkyl 
hydroxylamine derived from hydrogenated tallow amine. 

7. Thiosynergists, for example, dilauryl thiodipropionate 
or distearyl thiodipropionate. 

8. Peroxide scavengers, for example esters of B-thiodipro 
pionic acid, for example the lauryl, Stearyl, myristyl or 
tridecyl esters, mercaptobenzimidazole or the zinc salt of 
2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, 
dioctadecyl disulfide, pentaerythritol tetrakis(B-dodecylm 
ercapto)propionate. 

9. Polyamide stabilisers, for example, copper salts in 
combination with iodides and/or phosphorus compounds 
and salts of divalent manganese. 

10. Basic co-stabilisers, for example, melamine, polyvi 
nylpyrrolidone, dicyandiamide, triallyl cyanurate, urea 
derivatives, hydrazine derivatives, amines, polyamides, 
polyurethanes, alkali metal salts and alkaline earth metal 
salts of higher fatty acids for example calcium stearate, zinc 
Stearate, magnesium behenate, magnesium stearate, sodium 
ricinoleate and potassium palmitate, antimony pyrocatecho 
late or tin pyrocatecholate. 

ll. Nucleating agents, for example, inorganic substances 
such as talcum, metal oxides such as titanium dioxide or 
magnesium oxide, phosphates, carbonates or sulfates of, 
preferably, alkaline earth metals; organic compounds such as 
mono- or polycarboxylic acids and the salts thereof, e.g. 
4-tert-butylbenzoic acid, adipic acid, diphenylacetic acid, 
sodium succinate or sodium benzoate, polymeric com 
pounds such as ionic copolymers (ionomers'). 

12. Fillers and reinforcing agents, for example, calcium 
carbonate, silicates, glass fibres, glass bulbs, asbestos, talc, 
kaolin, mica, barium sulfate, metal oxides and hydroxides, 
carbon black, graphite, wood flour and flours or fibers of 
other natural products, synthetic fibers. 

13. Other additives, for example, plasticisers, lubricants, 
emulsifiers, pigments, rheology additives, catalysts, flow 
control agents, optical brighteners, flameproofing agents, 
antistatic agents and blowing agents. 

14. Benzofuranones and indolinones, for example those 
disclosed in U.S. Pat. No. 4,325,863, U.S. Pat. No. 4,338, 
244, U.S. Pat. No. 5,175,312, U.S. Pat. No. 5,216,052, U.S. 
Pat. No. 5,252,643, DE-A-4 316 611, DE-A-4 316 622, 
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DE-A-4 316 876, EP-A-0 589 839 or EP-A-0 591 102 or 
3-4-(2-acetoxyethoxy)phenyl-5,7-di-tert-butyl-benzofu 
ran-2-one, 5,7-di-tert-butyl-3-4-(2-stearoyloxyethoxy)phe 
nyl)benzofuran-2-one, 3,3'-bis(5,7-di-tert-butyl-3-(4-2-hy 
droxyethoxyphenyl)benzofuran-2-one, 5,7-di-tert-butyl-3- 
(4-ethoxyphenyl)benzofuran-2-one, 3-(4-acetoxy-3,5- 
dimethylphenyl)-5,7-di-tert-butyl-benzofuran-2-one, 3-(3,5- 
dimethyl-4-pivaloyloxyphenyl)-5,7-di-tert-butyl 
benzofuran-2-one. 
The weight ratio between the novel compounds and the 

conventional additives can be, for example, from 1:0.5 to 
1:5. 
The invention furthermore relates to the use of the com 

pounds of the formula I for stabilizing organic materials 
against oxidalive, thermal or light-induced degradation. 
The examples below illustrate the invention in greater 

detail. All amounts are by weight, unless stated otherwise. 

EXAMPLE 1. 

Preparation of compound 101 
A mixture of 1.5 g (3 mmol) of 2,2'-ethylidenebis(4,6-di 

tert-butylphenol monoacrylate (preparation, for example, 
analogously to EP-A-500 323) and 1.4 g (21 mmol) of 
cyclopentadiene in 40 ml of toluene is warmed to 90° C. and 
stirred at this temperature for two hours. The reaction 
mixture is subsequently evaporated in a vacuum rotary 
evaporator. Crystallization of the resultant crude product 
from acetonitrile gives 1.5 g (91% of theory) of compound 
101 as a white powder (isomer mixture). 
Melting point: 150°-154 C. 

Elemental analysis: C% H% 

calculated: 81.67 9.74 
found: 81.86 9.68 

EXAMPLE 2 

Preparation of compound 101 
A mixture of 493 g (10 mmol) of 2,2'-ethylidenebis(4,6- 

di-tert-butylphenollmonoacrylate and 4.6 g (70 mmol) of 
cyclopentadiene in 20 ml of isopropanol and 20 ml of water 
is warmed to 90° C. and stirred at this temperature for two 
hours. The reaction mixture is subsequenfiy evaporated in a 
rotary evaporator, and the residue is poured into water and 
extracted twice with ethyl acetate. The organic phases are 
combined, dried over sodium sulfate and evaporated in a 
vacuum rotary evaporator. Crystallization of the residue 
from acetonitrile gives 3.9 g (71% of theory) of compound 
101 as a white powder (isomer mixture). 
Melting point: 148°-150° C. 

Elemental analysis: C% H% 

calculated: 81.67 9.74. 
found: 81.69 9.68 

EXAMPLE 3 

Preparation of compound 101 
9.85 g (20 mmol) of 2,2'-ethylidenebis(4,6-di-tert-bu 

tylphenol)monoacrylate, 0.6 ml (1.08 mmol=5 mol%) of a 
1.8M ethylaluminium dichloride solution in toluene and 50 
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ml of toluene are introduced into a 100 ml round-bottom 
flask under an N2 atmosphere. 1.8 ml (22 mmol) of cyclo 
pentadiene are added dropwise to this suspension at room 
temperature, and the mixture is stirred for 2/2 hours. The 
orange solution obtained is subsequently poured into 50 ml 
of HCl (1M), and the mixture is extracted twice with ethyl 
acetate. The organic phases are combined, washed with an 
aqueous, saturated NaCl solution, dried over sodium sulfate 
and evaporated in a vacuum rotary evaporator. Crystalliza 
tion of the residue (10.5 g) from acetonitrile gives 8.5 g 
(77% of theory) of compound 101 as a white powder (isomer 
mixture). 

Melting point: 146-150° C. 

Elemental analysis: C% H% 

calculated: 867 9.74 
found: 870 9.87 

EXAMPLE 4 

Preparation of compound 101 
49.3 g (0.1 mol) of 2,2'-ethylidenebis(4,6-di-tert-bu 

tylphenol)monoacrylate, 7.9 g (0.06 mol) of dicyclopenta 
diene and 50 ml of toluene are introduced into a 0.3 l 
autoclave. The autoclave is flushed with inert gas (N2) and 
warmed at 200 C. for 8 hours (maximum pressure 3 bar). 
The yellow solution obtained is subsequently cooled to room 
temperature and evaporated in a vacuum rotary evaporator. 
Crystallization of the residue from acetonitrile gives 44.5g 
(80% of theory) of compound 101 as a white powder (isomer 
mixture). 

Melting point: 157–160° C. 

Elemental analysis: C 9. H% 

calculated: 81.67 9.74 
found: 8.8 9.85 

EXAMPLE 5 

Preparation of compound 101 

A mixture of 4.4 g (10 mmol) of 2,2'-ethylidenebis(4,6- 
di-tert-butylphenol) and 2 g (13 mmol) of norborn-5-ene-2- 
carbonyl chloride (preparation, for example, analogous to J. 
Org. Chem. 38,642 (1973)) is warmed to 140° C. and stirred 
at this temperature for 5 minutes, HCl being evolved from 
125° C. The mixture is cooled to about 110° C., 15 ml of 
acetonitrile are added, and the mixture is cooled to room 
temperature. The product which crystallizes out is filtered 
off and dried in a high vacuum, giving 4.2 g (70% of theory) 
of compound 101 as a white powder (isomer mixture). 

Melting point: 152°-155° C. 

Elemental analysis: C 9. H% 

calculated: 81.67 9.74 
found: 81.65 9.96 

Compounds 102 and 103 are prepared by the method 
described in Example 3 from methylenebis(4-methyl-6-tert 
butylphenollmonoacrylate and 2,2'-ethylidenebis(4,6-di 
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tert-pentylphenolmonoacrylate respectively and cyclopen 
tadiene. 
Compound 102 bis is prepared analogously to the process 

described in Example 4 from methylcyclopentadiene dimer 
and 2,2'-ethylidenebis4,6-di-tert-butylphenolmonoacry 
late. 

EXAMPLE 6 

Preparation of compound 104 

18 ml (29 mmol) of a 1.6N butyllithium/hexane solution 
are slowly added dropwise, under an N2 atmosphere, to a 
solution, cooled to 5-10° C., of 12.7 g (29 mmol) of 
2,2'-ethylidenebis(4,6-di-tert-butylphenol) in 50 ml of tet 
rahydrofuran. The mixture is stirred for 15 minutes, and 6.5 
g (38 mmol) of 2-methylnorborn-5-enecarbonyl chloride 
(prepared, for example, analogously to A. F. Jacobine et al.; 
J. of Appl. Polym. Sci. 45, 471 (1992)) in 6 ml of tetrahy 
drofuran are subsequently added dropwise. The mixture is 
refluxed overnight. After cooling to room temperature, the 
reaction mixture is filtered through Hyflo and evaporated in 
a vacuum rotary evaporator. Crystallization of the residue 
from acetonitrile gives 11.7 g (70% of theory) of compound 
104 as a white powder (isomer mixture). 
Melting point: 132°-140° C. 

EXAMPLE 7 

Preparation of compound 105 
39.5 g (0.09 mmol) of 2,2'-ethylidenebis(4,6-di-tert-bu 

tylphenol and 11.84 g (0.12 mmol) of triethylamine in 200 
ml of toluene are introduced into a 500 ml round-bottom 
flask under an N atmosphere. 16.5 g (0.1 mmol) of 7-ox 
abicyclo[2.2.1]hept-5-ene-2-carbonyl chloride (preparation, 
for example, analogous to Bull. Chem. Soc. Jpn., 57, 3339 
40 (1984)) are added dropwise to this colourless solution at 
-20°C. The mixture is stirred at -20° C. for 30 minutes and 
then warmed to room temperature over the course of 2 
hours. The salts are filtered off, and the filtrate is evaporated 
in a vacuum rotary evaporator. Chromatography of the 
residue on silica gel with the eluent hexanelethyl acetate 
80:1 gives 11.2 g (22% of theory) of compound 105 as a 
white powder (isomer mixture). 

Melting point: 95-96° C. 

EXAMPLE 8 

Preparation of compound 106 
6.6 g (15 mmol) of 2,2'-ethylidenebis(4,6-di-tert-bu 

tylphenol) and 4.2 g (15.7 mmol) of 9,10-dihydro-9,10 
ethanoanthracene-11-carbonyl chloride (preparation, for 
example, analogous to J.A.C.S. 94, 1193 (1972)) in 100 ml 
of toluene are introduced into a 250 ml round-bottom flask 
under an N atmosphere. 2.7 ml (19.5 mmol) of triethy 
lamine are added dropwise to this solution at about 5°C. The 
mixture is stirred at 5° C. for two hours, then poured into 
water and extracted twice with ethyl acetate. The organic 
phases are combined, washed with an aqueous, saturated 
sodium chloride solution, dried over sodium sulfate and 
evaporated in a vacuum rotary evaporator. Crystallization of 
the residue from methanol gives 6.6 g (62% of theory) of 
compound 106 as a pale-yellow powder (isomer mixture). 

Melting point: 217-219 C. 
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EXAMPLE 9 

Stabilization of polypropylene during multiple 
extrusion 

1.3 kg of polypropylene powder (EProfax 6501) which 
has been prestabilized with 0.025% of n-octadecyl 3-3,5- 
di-tert-butyl-4-hydroxyphenylpropionate and has a melt 
flow index of 3.2 at 230° C. and 2.16 kg are mixed with 
0.05% of pentaerythrityl tetrakis3-(3,5-di-tert-butyl-4-hy 
droxyphenyl)propionate), 0.05% of calcium stearate, 0.03% 
of dihydrotalcite Mga Al(OH)CO3.5H2O) and 0.05% 
of a compound from Table 1. This mixture is extruded in an 
extruder having a barrel diameter of 20 mm and a length of 
400 mm at 100 revolutions per minute, the 3 heating zones 
being set to the following temperatures: 260°, 270° and 280° 
C. The extrudate is cooled by drawing through a waterbath 
and is subsequently granulated. These granules are extruded 
a number of times. After 3 extrusions, the melt flow index is 
measured (at 230° C. and 2.16 kg). A large increase in the 
melt flow index denotes significant chain degradation, ie. 
poor stabilization. The results are shown in Table 2. 

TABLE 2 

Compound from Melt flow index 
Table 1 after 3 extrusions 

200 
101 6.8 
104 7.2 

EXAMPLE 10 

Stabilization of elastomers (Brabender test) 
A styrene-butadiene-styrene elastomer (()Finaprene 902) 

is mixed with the stabilizer shown in Table 3 and com 
pounded in a Brabender Plastograph at 200° C. and 60 
revolutions/minute. The compounding resistance is recorded 
continuously as torque. As a consequence of crosslinking of 
the polymer, a rapid increase in torque occurs during the 
compounding time after initially remaining constant. The 
effectiveness of the stabilizers is evident from an extension 
of the time for which the torque remains constant. The 
values obtained are shown in Table 3. 

TABLE 3 

0.25% of Stabilizer 
from Table 1 

Time in minutes 
before a torque increase 

24.2 
53 
62 

101 
104 

EXAMPLE 11 

Stabilization of styrene-butadiene block polymers 
During thermal/oxidative damage to styrene-butadiene 

block polymers, crosslinking occurs in the rubber phase. 
This crosslinking results in an increase in the melt viscosity 
and therefore in the extrusion pressure during processing in 
an extruder or in an injection-moulding machine. 
The processing stability of the styrene-butadiene block 

polymers is frequently tested in a capillary rheometer. In this 
test, the polymer melt is forced through a nozzle, in a similar 
manner to extrusion. 
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25 g of styrene-butadiene block polymer granules (EK 

Resin KR-01 from (E)Phillips Petroleum) containing 0.2% of 
n-octadecyl 3-3',5'-di-tert-butyl-4'-hydroxyphenylpropi 
onate and 0.6% of trisnonylphenylphosphite are dissolved 
in 250 ml of cyclohexane at room temperature. 
The amount of stabilizer shown in Table 4 is dissolved in 

toluene and admixed with the polymer solution. The cyclo 
hexane is subsequently evaporated off at 60° C. and 0.013 
bar. 

The resultant polymer is pressed at 180° C. to give sheets 
with a thickness of 2 mm, from which circular samples 
having a diameter of 8 mm are stamped. The samples are 
introduced into the sample channel of a (E)Keyeness Galaxy 
V capillary rheometer and measured at 250° C. and a shear 
rate of 14.594 sec. After a flow time of 6 minutes, the 
apparent shear rate is recorded for 30 minutes as a function 
of time. The gradient of this curve (Am/At in Pa sec/min) is 
a measure of the degree of crosslinking of the polymer and 
is therefore in direct correlation with the effect of the 
stabilizer. The smaller this value, the more effective the 
stabilizer. 
The results are shown in Table 4. 

TABLE 4 

0.15% of Stabilizer A n (Pa sec) 
from Table 1 At (min) 

23 
O 5 
O2 7 
103 4. 
104 2 
105 4. 

What is claimed is: 
1. A compound of the formula I 

O (I) 

C-A 
OH O1 

R1 CH R 

R3 R3 

R2 R2 

in which 

A is a group of the formula IIa or IIb, 
Rg (IIa) 

R 

Rs Z 
Rs. Y 

R10, 

R8 

R12 R13 (IIb) 

CC R14 
R11 
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Y is oxygen, methylene, ethylidene or a >C=C(CH3)2 
grOup, 

Z is nitrogen, 

N N 
H o - (C1-C4alkyl), 

the radicals R, independently of one another, are 
C-Casalkyl, Ca-Calkenyl, C5-C12cycloalkyl, 
C-C alkyl-substituted Cs-Cacycloalkyl, 
C-Cacycloalkenyl, C-C alkyl-substituted 
C-Cacycloalkenyl, phenyl, C-C alkyl-substituted 
phenyl, C-Cphenylalkyl or -CH2-S-X. 

the radicals R, independently of one another, are hydro 
gen, C1-C5alkyl, C-C2alkenyl, C5-C12cycloalkyl, 
C-Calkyl-substituted C-Cacycloalkyl, C5-C12 
cycloalkenyl, 

C-C alkyl-substituted C-Cacycloalkenyl, phenyl, 
C-C alkyl-substituted phenyl, C-Cophenylalkyl, 
-CH2-S-X, -(CH2)COO-X, or -(CH2)O- 
X3, 

the radicals R, independently of one another, are hydro 
gen or C-C alkyl, 

R is hydrogen or C-Calkyl, 
R is hydrogen, C-Coalkyl, phenyl, -CH2-COO-X 

or CN, 
R is hydrogen, C-C alkyl, phenyl, -COO-Xs, -CN 

or -CONCX)(X), 
R is hydrogen or C-Coalkyl, 
Rs, R and Ro, independently of one another, are hydro 

gen or C-C alkyl, 
R and R2, independently of one another, are hydrogen, 
C-Calkyl or phenyl, 

R and R, independently of one another, are hydrogen 
or C-C alkyl, 

X is C-Casalkyl, Cs-Coycloalkyl, C-C alkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-Calkyl-substi 
tuted phenyl, C-Cphenylalkyl or -(CH2)COO 
Y, 

X, X and X5, independently of one another, are 
C-Casalkyl, C5-C12cycloalkyl, C1-C4alkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-C alkyl-substi 
tuted phenyl or C-C phenylalkyl, 

X is C-Calkyl, C-Cacycloalkyl, C-C alkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-C alkyl-substi 
tuted phenyl, C-C phenylalkyl, C1-C5alkanoyl, 
C-Calkenoyl, C-Casalkanoyl which is interrupted 
by OXygen, sulfur O >N-Y, 
C-Cocycloalkylcarbonyl, benzoyl, C-C alkyl-substi 
tuted benzoyl, thenoyl or furoyl, 

X and X, independently of one another, are hydrogen, 
C-Casalkyl, C-Calkenyl, C5-C12cycloalkyl, 
C-C alkyl-substituted C5-C12cycloalkyl, 
C-Cacycloalkenyl, C-C alkyl-substituted 
C-Cacycloalkenyl, phenyl, C-C alkyl-substituted 
phenyl or C-C phenylalkyl, 

Y is C-Casalkyl, C-Cacycloalkyl, C-C alkyl-substi 
tuted C-Cacycloalkyl, phenyl, 

C-Calkyl-substituted phenyl or C-C phenylalkyl, 
Y is hydrogen or C-Calkyl, 
p is 0, 1 or 2, 
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q is an integer from 0 to 8, and 
r is or 2. 
2. A compound according to claim 1, in which 
the radicals R, independently of one another, are 
C-Calkyl, Ca-Cisalkenyl, Cs-Cscycloalkyl, 
C-C alkyl-substituted Cs-CCycloalkyl, 
Cs-Cocycloalkenyl, C-Calkyl-substituted 
Cs-Cecycloalkenyl, phenyl, C-C alkyl-substituted 
phenyl, C-C phenylalkyl or -CH2-S-X, 

the radicals R, independently of one another, are hydro 
gen, C1-Cisalkyl, C-Cisalkenyl, C5-C8cycloalkyl, 
C-C alkyl-substituted Cs-Cocycloalkyl, 
C-Cacycloalkenyl, C-C alkyl-substituted 
C-Cacycloalkenyl, phenyl, C-C alkyl-substituted 
phenyl, C-C phenylalkyl, -CH2-S-X, 
-(CH2)COO-X, or -(CH2)O-X, 

Rs is hydrogen, C-Coalkyl, phenyl or CN, 
R is hydrogen, C-C alkyl or phenyl, 
X is C-Calkyl, Cs-Cacycloalkyl, C-C alkyl-substi 

tuted C-Cacycloakyl, phenyl, C-C alkyl-substituted 
phenyl, C-Cphenylalkyl or -(CH2)COO-Y, 

X is C-Calkyl, C-Cacycloalkyl, C-Calkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted 
phenyl or C-C phenylalkyl, 

X is C-Calkyl, Cs-Cscycloalkyl, C-C alkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted 
phenyl, C7-Cophenylalkyl, C1-C1salkanoyl, 
C-Calkenoyl, C-Csalkanoyl which is interrupted 
by oxygen or >N-Y, Co-Cocycloalkylcarbonyl, ben 
Zoyl, C-C alkyl-substituted benzoyl, thenoyl or 
furoyl, and 

Y is C-Calkyl, Cs-Cocycloalkyl, C-C alkyl-substi 
tuted C-Cacycloalkyl, phenyl, C-C alkyl-substituted 
phenyl or C-Cophenylalkyl. 

3. A compound according to claim 1, in which 
the radicals R, independently of one another, are 

C-Coalkyl, Ca-Cisalkenyl, Cs-Cecycloalkyl, 
C-Cacycloalkenyl, phenyl, C7-Cophenylalkyl or 
-CH2-S-X, 

the radicals R, independently of one another, are hydro 
gen, C1-Coalkyl, C2-Cisalkenyl, Cs -Cacycloalkyl, 
C-CCycloalkenyl, phenyl, C-Cphenylalkyl, 
-CH2-S-X, -(CH2)COO-X, or -(CH2)O- 
X3, 

the radicals R are hydrogen, 
Ra is hydrogen or C1-C4alkyl, 
Rs is hydrogen, C-C alkyl, phenyl or CN, 
R is hydrogen, C-C alkyl or phenyl, 
R is hydrogen or C-C alkyl, 
X is C-Coalkyl, C-Ccycloalkyl, phenyl, C7-Co-phe 

nylalkyl or -(CH2)COO-Y, 
X is C1-Coalkyl, C-Cscycloalkyl, phenyl or C7-C8 

phenylalkyl, 
X is C1-Coalkyl, C5-C8cycloalkyl, phenyl, C7-Co-phe 

nylalkyl, C-Coalkanoyl, Ca-Calkenoyl, 
C-Calkanoyl which is interrupted by oxygen; or 
benzoyl, and 

Y is C-Coalkyl, 
C-Cphenylalkyl. 

4. A compound according to claim 1, in which R, RoRo 

Cs-Cacycloalkyl, phenyl or 

, R1, R12, R1a and R14 are hydrogen. 
5. A compound according to claim 1, in which 
the radicals R, independently of one another, are 
C-Calkyl or Cs-Coycloalkyl, 
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the radicals R, independently of one another, are 
C-C alkyl, 

the radicals R are hydrogen, and 
R is hydrogen or C-C alkyl. 
6. A compound according to claim 1, in which 
the radicals R are identical and are branched C-Calkyl, 
the radicals R are identical and are C-Calkyl, 
the radicals R are hydrogen, and 
R is hydrogen or C-C alkyl. 
7. A compound according to claim 1, in which 
Y is oxygen or methylene, 
Z is a 

CH group, 

the radicals R are identical and are branched C-Calkyl, 
the radicals R are identical and are C-Calkyl, 
the radicals R are hydrogen, 
R is hydrogen or C-C alkyl, 
Rs is hydrogen, C-C alkyl or CN, and 
R6, R7, R8, R9, Rio, R11, R12, R12 and R1a are hydrogen. 
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8. The compound 

O 

O 
OH CH3 

(HC)3C C(CH3) 

C(CH3)3 C(CH3)3 

according to claim 1. 
9. A composition comprising an organic material which is 

sensitive to oxidative, thermal or light-induced degradation 
and at least one compound of the formula I according to 
claim 1. 

10. A composition according to claim 9, in which the 
organic material is a synthetic polymer. 

11. A composition according to claim 9, in which the 
organic material is a polyolefin. 

12. A composition according to claim 9, in which the 
organic material is a solution-polymerized polybutadiene 
rubber. 

13. A composition according to claim 9, in which the 
organic material is a solution-polymerized styrene-butadi 
ene copolymer or styrene-butadiene block copolymer. 

14. A method for stabilizing an organic material against 
oxidative, thermal or light-induced degradation, which com 
prises incorporating in said organic material at least one 
compound according to claim 1. 

ck : : k 


